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Synthesis of oi-chloro compounds obtained from aleuritic acid and its derivatives have been carried
out and the known triphenylphosphine-carbon tetrachloride procedure has been found to be the most
suitable for this purpose. The C-CI bond has been found to be sufficiently reactive towards a Wittig re-
action, dilithium tetrachlorocuprate catalyzed alkylation and macrocyclization, indicating the usefulness
of the chloro compounds.
threo (±) Aleuritic acid (9,10,16-trihydroxy-
hexadecanoic acid) 1 is available on commercial
scale'. In this laboratory, aleuritic acid derivatives
have been extensively subjected to Wittig reac-
tiorr', dilithium tetrachlorocuprate catalyzed alky-
latiorr' and enamine procedures" resulting in the
synthesis of a number of pheromones'. This com-
munication reports the preparation of the co-chloro
compounds of several aleuritic acid derivatives by
different methods and <,Inanalysis of their reactiv-
ity towards macro-cyclization, Wittig reaction and
dilithium tetrachlorocuprate catalyzed alkylation.
The triphenylphosphine-carbon tetrachloride
procedure" was attempted on the 9,1O-acetonides
of both threo and erythro aleuritic acids as well as
both the E and Z-9,10-olefins derived from aleu-
ritic acid. The procedure resulted in very good
yields of the co-chloro derivatives in all the cases
studied.
The procedure employing lithium chloride and
2-methoxyethanol7 was attempted on the oi-tosyl
compounds derived from aleuritic acid 9,10-
acetonide as well as the £-9, l O-olefin. Though this
procedure also gave good yields, an additional step
along with additional care of the highly labile tosyl
derivatives are involved in this reaction.
Phosphorus trichloride in dimethylformamide"
was also used as the reagent for the replacement of
the hydroxyl by chlorine on both protected and
unprotected aleuritic acids as well as the 9, I0-
olefin derived from aleuritic acid. However this
procedure worked well only with the 9,10-0Iefin
and not the glycol derivatives.
The sequence of reactions carried out is shown
in Schemes I - II.
In spite of the lower reactivity of the carbon-
chlorine bond in the above compounds in relation
to the corresponding carbon-iodine and carbon-
bromine bonds, it was amenable for a variety of
reactions. A representative example for each of the
reactions carried out is described. Wittig reaction
on methyl (9RS, IORS)-9, IO-isopropylidenedioxy-
16-chlorohexadecanoate 2b gave the alkylated
product which was 'subjected to a sequence of acid-
alkaline or alkaline-acid hydrolysis to give (9RS,
IORS)-9, IO-dihydroxy-16-tricosenoic acid 7 in
good yields.
In another sequence of reactions, the coupling of
2b with isopropyl magnesium bromide in presence
of dilithium tetrachlorocuprate followed by acid
hydrolysis gave methyl (9RS, IORS)-9,10-
dihydroxy-17 -methyl octadecanoate 8.
A macrocyclization was carried out on 16-
chloro-(E)-9 hexadecenoic acid lla in presence of
anhyd. potassium carbonate in dimethyl sulphox-
ide or dimethyl formamide when the lactone iso-
ambrettolide 13 was obtained in good yields, with
very much less of the dimeric and polymeric lac-
tones being present in the product mixture as com-
pared to other procedures.
Thus the feasibility of the large-scale synthesis
of several natural products utilizing the chi oro de-
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rivatives is apparent from the above examples
rather than resorting to the use of the iodo or
bromo derivatives.
Experimental Section
Melting points are uncorrected. IH NMR spectra
were recorded in CDCl3 (J values in Hz). The -OH
protons are not indicated in the IH NMR spectra,
being quite variable. In the IR spectra the peaks of
diagnostic value are mentioned. Organic extracts
were dried over anhyd. Na2S04. Pet. ether refers to
the fraction with boiling range 60-80°C.
Procedures for the preparation of methyl (9RS,
10RS)-9, 10-isopropylidenedioxy-16-chlorohexa-
decanoate 2b
Procedure A. Triphenylphosphine (1.8 g, 6.7
mmol) was added to methyl (9RS, 10RS)-16-
hydroxy-9, 10-isopropylidenedioxyhexadecanoate
2a (2 g, 5.6 mmol) dissolved in dry carbon tetra-
chloride (15 mL). The mixture was stirred and
heated to reflux for 5 h. After cooling, the reaction
mixture was filtered (to remove any unreacted
triphenylphosphine) and concentrated. It was then
diluted with pet. ether, filtered and washed with
pet. ether. The combined organic extracts were
dried and concentrated to yield a gum which was
chromatographed over silica gel. Elution with 20%
benzene in pet. ether gave pure 2b (1.7 g, 85%).
(Found: C, 63.3; H, 10.3. C2oH3704CIrequires C,
63.7; H, 9.9%); IR(Nujo1) : 2900, 1730, 1440, 720
cm'; IH NMR : s 1.3 [br, 26H, -(CH2)-], 2.2 [t,
J=7Hz, 2H, -CH2COOCH3], 3.45 [t, dist., 2H, -
CH2CI], 3.6 [s, 3H, -COOCH3]; MS :(mlz)
376(M+), 378(M+2), 361, 363, 327, 311, 301, 289,
287,251,219.
2b (500 mg) was stirred with aq. HCI (20 mL,
2N) to remove the acetonide group when methyl
(9RS, 1ORS)-9, 10-dihydroxy-16-chlorohexadeca-
noate was obtained as a solid (350 mg, 70%). It
was filtered and crystallized from pet. ether, m.p.
74°C (Found: C, 60.8; H, 9.7; CI, 10.1. C17H3304CI
requires C, 60.7; H, 9.8; C1, 10.5%); IR(Nujol):
3300,2850, 1730, 1450, 1360, 710 cm'; IH NMR:
s 1.4 [br, 20H, -(CH2)-], 2.3 [t, J=7Hz, 2H,
-CH2COOCH3], 3.45 [t, dist, 2H, -CH2CI], 3.55 [hr,
2H, -CH(OH)-CH(OH)], 3.65 [s, 3H, -COOCH3].
The methyl ester (200 mg) was subjected to hy-
drolysis with 6% aq. NaOH (8 mL) for 5 h at room
temperature and acidified with dil. HCI to give the
acid 3 (150 mg, 75%) as a solid which was filtered,
washed with water and dried, m.p. 89-90°C
(Found: C, 60.0; H, 10.0. CI6H3104CI requires C,
59.5; H, 9.7%).
The same sequence of reactions was attempted
on the acetonide of methyl erythro aleuritate 5a
when 6 (83%) was obtained after acid and alkaline
hydrolysis, m.p. 116-17°C (Found: C, 59.2; H,
9.8. CI6H3104CIrequires C, 59.5; H, 9.7%).
Procedure B. Methyl (9RS, 1ORS)-9, 10-
isopropylidenedioxy- l o-tosyloxyhexadecanoate"
(2 g, 3.9 mmol) in 2-methoxyethanol (5 mL) was
added to a solution of anhyd. LiCI (230 mg, 5.46
mmol) in dry 2-methoxyethanol (10 mL) with stir-
ring at 50°C. The mixture was heated in an oil bath
at 100°C for 30 min. Solvent was then evaporated
at reduced pressure and the residue diluted with
water, extracted with ethyl acetate and dried. The
organic extract was concentrated to give 2b (1.2 g,
60%).
Methyl 16-chloro-(E)-9-hexadecenoate lOa.
The olefin" 9a (2 g, 7.0 mmol) was refluxed with
triphenylphosphine (2.2 g, 8.4 mmol) in dry carbon
tetrachloride (15 mL) and the mixture worked up
as described earlier to give lOa as a gum (1.7 g,
85%); IR(Film) : 2900, 1730, 1450, 960, 720, 640
cm'; IH NMR : s 1.3 [br, 16H, -(CH2)-], 1.95 [br,
4H, -CH2~CH=CH-CH2-]' 2.3 [t, J=7Hz, 2H, -
CH2COOCH3], 3.5 [t, J=7Hz, 2H, -CH2CI], 3.65 [s,
3H, -COOCH3], 5.35 [ t, dist, 2H, -CH=CH-trans];
MS : (mlz) 302(M+), 304(M+2), 287, 271, 273,
267,266,243,228,229.
The ester lOa (500 mg) was stirred with aq.
NaOH (20 ml, 6%) for 4 h followed by acidifica-
tion to give the respective acid 11a (400 mg) as a
low melting solid, m.p. 38°C. For characterization
11a (250. mg) was hydrogenated with Pd-C (10%
palladium on charcoal) under hydrogen atmos-
phere for 8 h, at room temperature to give 16-
chlorohexadecanoic acid 12 (250 mg), m.p. 64°C
(Found: C, 66.4; H, 10.6. CI~3102CI requires C,
66.1; H, 10.7%); IR(Nujol) : 2950, 1700, 1470,
1380, 720 cm'; IH NMR : B 1.3 [br, 24H, -(CHz)-],
2.35 [t, J=7Hz, 2H, -CH2COOH], 3.55 [t, J=7Hz,
2H, -CH2CI]; MS: (mlz) 290(M+), 292(M+2), 273,
247, 185, 129,66.
The Z-olefin 9b after the same sequence of re-
actions gave the same chIoro acid 12 m.p. : 64°C
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(Found: C, 66.2; H, 10.9. C'6H),02CI requires C,
66.1; H, 10.7%); MS: (mlz) 290(M+), 292(M+2),
273, 185.
Procedure C. Phosphorus trichloride (0.2 ml,
2.3 mmol) was added dropwise with stirring to
dimethylformamide (5 mL) under an inert atmos-
phere and the mixture was allowed to stand at
room temperature for 30 min. 9a (1 g, 3.5 mmol)
was added and the mixture stirred further for 40
min. Dimethylformamide was distilled at reduced
pressure and water added to the residual gum. It
~as extracted with ether, dried and concentrated to
give lOa (750 mg, 75%). This procedure was un-
successful with the acetonide derivatives.
Methyl (9RS, IORS)-9,IO-isopropylidene-
dioxy-16-tricosenoate. Compound 2b (5 g, 13.3
mmol) and triphenylphosphine (3.5 g, 13.3 mmol)
in dimethylformamide (30 mL) were heated under
reflux for 5 h. Dimethylformamide was removed
from the mixture by distillation under reduced
pressure when the corresponding phosphonium
salt" was obtained as a viscous gum and was used
in the next step as such. To this l,4-dioxane (50
mL), n-heptaldehyde (1.9 mL, 13.3 mmol), potas-
sium carbonate (2.2 g, 15.9 mmol) and water (3
drops) were added and the mixture was stirred with
refluxing for 6 h. The reaction mixture was filtered
and then worked-up as usual to give a gum which
after column chromatography and elution with
40% benzene in pet. ether gave methyl (9RS,
1ORS)-9, 10-isopropylidenedioxy-16-tricosenoate
(2.2 g, 44%). The product (1 g) was stirred with
aq. HCI (40 mL, 2N) at room temperature for 4 h
. to give the corresponding acid (800 mg) as a solid,
m.p. 47-48°C. IR(Nujol) : 3400,2950, 1750, 1470,
710 cm'; 'H NMR : 80.9 [t, dist., 3H, -CH2CH3];
1.3 [br, 28H, -(CH2)-]' 1.95 [br, 4H, -CH2-CH=CH-
CHd, 2.3 [t, J=7Hz, 2H, -CH2COOCH3], 3.3 [br,
2H, -CH(OH)-CH(OH)]; 3.6 [s, 3H, -COOCH3];
5.3 [t, dist., 2H, -CH=CH-]; MS:(mlz) 398(M+),
399,381,362,349,331,223,205, 187. This com-
pound (500 mg) on alkaline hydrolysis gave 7 (400
mg), m.p. 85°C (Found: C, 71.6; H, 11.6. C23H«04
requires C, 71.8; H, 11.5%).
Methyl (9RS, IORS)-9,IO-isopropylidene-
dioxy-17-methyloctadecanoate. The Grignard
reagent of isopropyl bromide (3.2 mmol) in anhyd.
tetrahydrofuran (10 mL) was cooled to -10°C and
the solution of 2b (1 g, 2.66 mmol) in anhyd. tetra-
hydrofuran (10 mL) containing dilithium tetra-
chlorocuprate was added dropwise in an inert at-
mosphere. The mixture was stirred for 1 h at
-10°C, quenched by the dropwise addition of am-
monium chloride solution aqd extracted into ether.
The combined organic extr~ct was dried and con-
centrated to give methyl (9RS, lORS)-9,1O-
isopropylidenedioxy-17-metpyloctadecanoate (550
mg, 55%) which was stirred with aq. HCI (2N) to
give 8 (430 mg), m.p. n-poc (lit.' m.p. 73°C)
(Found : C, 70.0; H, 11.8., C2oH4004requires C,
69.7; H, 11.7%); IR(Nujol) : 3400, 2900, 1740,
1460, 1370 cm'; 'H NMR : 80.9 [d, J=6Hz, 6H, -
CH(CH)z], 1.35 [br, 25H, -CH(CH)2, -(CH2)-],
2.3 [t, J=7Hz, 2H, -CH2COOCH)], 3.4 [br, 2H, -
CH(OH)-CH(OH)-], 3.6 [s, 3H, -COOCH)].
(E)-9-Hexadecen-I,16-olide 13. (Iso-ambretto-
tide). A mixture of anhyd. potassium carbonate
(1.5 g, 10.8 mmol) and dimethyl sulfoxide (30 mL)
(or dimethylformamide) was heated to 100°C in an
oil bath with stirring and a solution of lla (1 g, 3.5
mmol) in 20 mL of dimethyl sulfoxide was added
dropwise over 30 min. After stirring at 100°C for
an additional 30 min, the reaction mixture was
cooled, filtered and the residue was rinsed with
ether. The resulting solution was diluted with wa-
ter and extracted with ether. On concentration, the
extract gave a gummy product which after chro-
matography and elution with pet. ether gave 13
(650 mg, 65%). IR(Film) : 2900, 1740, 1470, 980
ern"; 'H NMR : 8 1.3 [hr, 18H, -(CH2)-], 2.1 [br,
4H, -CH2-CH=CH-CH2-], 2.3 [t, J=7Hz, 2H, -
CH2COO-], 4.1 [t, J=7Hz, 2H, -CH2-O-CO], 5.2
[br, 2H, -CH=CH-]; MS: (mlz) 252(M+),
253(M+l),234, 196, 168, 155, 109,96,82,67,53.
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